ABSTRACT: Robust H∞ control problem of nonlinear time-varying delay systems with polytopic uncertainty is discussed. The nonlinear condition satisfying a kind of special linear bound is assumed. By constructing Lyapunov-Krasovskii functional and using integral inequality and the linear matrix inequality technique, the sufficient condition for nonlinear time-varying delay systems with polytopic uncertainty to be asymptotically stable and satisfy H∞ performance is given. The explicit design method of the robust H∞ controller is proposed. Finally, a numerical example is given to illustrate the effectiveness of the proposed method.
INTRODUCTION
Since Zames put forward the idea o f H∞ norm and H∞ control theory for linear system, many achievements were obtained [1] [2] [3] [4] [5] . However, uncertainty and timedelay are ubiquitous phenomenon in control system, and their existences are chief factors that lead to the instability and poor performance of the system, so the research on uncertain and time-delay system is always one of hot and difficult focuses on control theory research [6] [7] [8] [9] [10] [11] . Using polytopic describing uncertainty is more natural than traditional norm bound [12] , it has little conservation and the norm bound uncertainty can be converted into polytopic uncertainty. In recent years, more and more scholars pay great attention to the research on uncertain time-delay system H∞ control theory [13] [14] . With the development of control theory, H∞ control is spread to the nonlinear system, there are many research achievements [15] [16] [17] . So far, it seldom reports about research on robust H∞ control problem for the system with polytopic uncertainty and time-varying delay.
In this paper, robust H∞ control problem for a class of nonlinear systems with polytopic uncertainty and time-varying delay is discussed, the nonlinear terms satisfy a kind of special linear bound, by using LMI, and based on Lyapunov-Krasovskii functional, the sufficient conditions and concrete design methods of the robust H∞ controller are given.
PROBLEM FORMULATION
Consider nonlinear system with time-varying delay 
,2 are known constant matrices with appropriate dimension, ΔAi, ΔBi, ΔCi, ΔDi, i=1,2 are uncertain matrices with appropriate dimension, h(t) is time-varying delay and differential, satisfying
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is real symmetric matrix, and the following statements (1), (2) and (3) are equivalent.
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Theorem 1
For given scalars h, h and h(t) with (2), the system (7) is robust asymptotic stable when w(t)=0, if there exist real symmetric positive matrices P>0, Q>0, for all f satisfying (3) such that the following LMI holds. 
It is obvious the following equality holds. 
Hence, the time derivative of V(x(t)) along the closed-loop system (10) is given
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By using lemma2 and the known conditions obtains
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Hence, if system (7) is robust asymptotic stable, then system (1) is robust asymptotic stable.
Theorem 2 For given scalars h, h and h(t) with
(2),the system (7) is robust asymptotic stable and has the H∞ performance, if there exist real symmetric positive matrices P>0, Q>0, for all f satisfying (3) such that the following LMI holds. 
Proof Define Lyapunov function as (8)
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By using (11), we have
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Hence this system satisfies H∞ performance.
Definition 1 For given scalars h, h and h(t) with
(2), the uncertain system (1) is robust asymptotic stable and has the H∞ performance, if there exist symmetric positive matrices P>0, Q>0, for all f satisfying (3) such that the following LMI holds when u(t)=0. (2) and uncertain matrix with polytopic (4), the sufficient condition that the system(1)is robust asymptotic stable and has the H∞ performance is if there exist symmetric positive matrix P>0 and Q>0,for all f satisfying (3) such that the following LMI holds. 
Theorem 3 For given scalars h, h and h(t) with
Where,
Proof By using (11) and (4), we have (1) is robust asymptotic stable and has the H∞ performance if (13) hold. (2) and uncertain matrix with polytopic (4), the system (1) is robust asymptotic stable and has the H∞ performance and (15) 
DESIGN OF ROBUST H∞ CONTROLLER

Theorem 4 For given scalars h, h and h(t) with
Where, 1 2 A A A
If the conditions hold above, then (5) is the controller which can make system (1) not only strong robust stable but also strictly passive. The controller is
Proof When u(t)=Kx(t), the closed-loop of system (1) is as the following equalities
Hence, from definition1, we have the condition that this closed-loop system is robust asymptotic stable and robust H∞ controller exist are if there exist real symmetric positive matrix P>0, Q>0, such that the following LMI holds. 
Where, Proof is the similar to Theorem 3, so omitted.
NUMERICAL EXAMPLE
In this section, we give a numerical example to demonstrate the effectiveness of the proposed method. Consider the system (1) with the parameters as follows. 
